I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Basal ganglia stroke following trivial trauma has been described in several case reports over last decades,\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] but the exact etiopathogenic factors were not known. In a study by Yang *et al*.,\[[@ref6]\] basal ganglia calcification and cytomegalovirus infection were the major risk factors associated with cerebral infarction following mild head trauma in infants. Recently, Lingappa *et al*.\[[@ref7]\] described a distinct clinicoradiological entity of mineralizing angiopathy in children with acute basal ganglia stroke. In this study, we analyzed clinical characteristics, imaging features, and outcome of 38 children with basal ganglia stroke associated with mineralization in the lenticulostriate arteries.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

The study was conducted at a pediatric neurology clinic attached to a tertiary care center from south India. Consecutive children with basal ganglia stroke and mineralization of lenticulostriate arteries were selected from the neurology unit databases. Participants were identified retrospectively from January 2013 to June 2016, and follow-up period was up to December 2016. The hospital ethics committee clearance was obtained. All children with subcortical stroke who presented at the pediatric neurology unit during this period were included. The study group was formed by children with mineralization in the distribution of the lenticulostriate arteries and basal ganglia infarcts. Their age, sex, demography, history of onset, history of trauma/fall, time lag between fall and weakness, and neurological symptoms and signs were noted. Documentation was carried out on the history of developmental milestones, family history, as well as history of similar episodes in the past. Treatment response, neurodevelopmental outcome, and recurrence of stroke were documented during follow-up period.

The details of physical examination, systemic examination, organomegaly, and anthropometry were documented. Plain computed tomography (CT) of brain with axial and coronal sections was carried out in all infants. Complete blood count, sickling test, renal function test, liver function test, serum electrolytes, lipid profile, serum homocysteine, serum lactate, echocardiography, retroviral serology, serum calcium, serum phosphorous and serum alkaline phosphatase, prothrombin time, and activated partial thromboplastin time were performed in all cases. TORCH screen (toxoplasmosis, rubella, cytomegalovirus, herpes simplex, and human immunodeficiency virus) and eye examination were conducted in suspected cases of intrauterine infection. Serum parathyroid hormone level, serum and cerebrospinal fluid lactate levels, and procoagulant workup (protein C, protein S, and antithrombin III) were carried out in unilateral involvement and with no history of fall. Magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) were performed only in selected children who presented with severe weakness and with unilateral calcification in CT of brain.

The treatment was started with aspirin (3 to 3--5mg/kg) in all children. All the infants underwent rehabilitation therapy. The statistical analyses were carried out using the Statistical Package for the Social Sciences (SPSS) software, version 17 (IBM, New York).

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

During the study period, a total of 125 children who had arterial ischemic stroke were observed. Of this, 80 had cortical stroke without parenchymal mineralization and 45 infants with subcortical infarcts were noted. In the subcortical infarct category, seven cases were due to neuroinfection, and they did not show any mineralization of lenticulostriate arteries. The remaining 38 infants formed the study group. This group had basal ganglia ischemic stroke and mineralization of the lenticulostriate arteries, which were detected on CT scan. [Figure 1A](#F1){ref-type="fig"} and [B](#F1){ref-type="fig"} shows punctate microcalcifications in bilateral basal ganglia. In MRI of brain, diffusion-weighted imaging (DWI) of MRI \[[Figure 2A](#F2){ref-type="fig"}\] and corresponding apparent diffusion coefficient mapping \[[Figure 2B](#F2){ref-type="fig"}\] show diffusion restriction in right posterior putamen, axial T2-weighted imaging (T2WI) \[[Figure 2C](#F2){ref-type="fig"}\] shows hyperintensity in right posterior putamen without occlusion in the vessels \[[Figure 2D](#F2){ref-type="fig"}\]. Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} summarize the demographic profile, clinical, radiological characteristics, and neurodevelopmental outcomes of the study group.

![Axial (A) and coronal CT (B) scan shows presence of punctate microcalcifications in bilateral basal ganglia](JPN-13-448-g001){#F1}

![Diffusion-weighted imaging (DWI) of MRI (A) and corresponding apparent diffusion coefficient mapping (B) show diffusion restriction in right posterior putamen. Axial T2-weighted imaging (C) shows hyperintensity in right posterior putamen. MRA shows no occlusion in the vessels (D)](JPN-13-448-g002){#F2}

###### 

Demographic and clinical characteristics of patients (*n* = 38)

  Characteristic                                                 Frequency
  -------------------------------------------------------------- -----------
  Mean age at presentation (months)                              14.026
  Age at presentation (SD)                                       5.8470
  Male, female                                                   20, 18
  History of fall                                                27/38
  Time lag between fall and development of symptoms (*n* = 27)   
   Immediate                                                     8/27
   10 min to 8 h                                                 13/27
   \>48 h                                                        6/27
  Presenting complaints                                          
   Hemiparesis                                                   37/38
   Hemidystonia                                                  1/38
  Neurological manifestations                                    
   Hemiparesis                                                   38/38
   Hemidystonia                                                  28/38
   Dysarthria and speech delay                                   4/38
   Mild encephalopathy                                           3/38

###### 

Clinical and radiological features of participants

  Patient no.   Sex   Age (months)   History of fall?   Time lag (min)^a^   Acute dystonia   Mineralization (right, left)^b^   Neurodevelopmental outcome                               Follow-up (months)
  ------------- ----- -------------- ------------------ ------------------- ---------------- --------------------------------- -------------------------------------------------------- --------------------
  1             M     12             Yes                30                  Yes              2, 2                              Mild hemiparesis                                         6
  2             M     14             Yes                30                  Yes              3, 2                              Normal                                                   6
  3             F     9              No                 \-                  Yes              4, 1                              Normal                                                   6
  4             M     6              Yes                Immediate           Yes              3, 3                              Residual dysarthria and hemiparesis                      16
  5             M     12             No                 \-                  Yes              2, 2                              Normal                                                   6
  6             F     16             No                 \-                  Yes              1, 1                              Normal                                                   6
  7             M     18             Yes                48 h                No               2, 3                              Normal                                                   6
  8             F     20             Yes                30                  Yes              2, 3                              Mild residual hemiparesis                                16
  9             F     22             Yes                60                  No               2, 2                              Normal                                                   6
  10            F     15             Yes                Immediate           Yes              1, 1                              Normal                                                   6
  11            M     18             Yes                48 h                Yes              3, 4                              Motor delay                                              6
  12            F     14             Yes                30                  No               3, 3                              Mild residual hemiparesis                                16
  13            M     12             No                 \-                  Yes              1, 1                              Normal                                                   6
  14            M     8              Yes                15                  No               1, 2                              Mild distal upper limb weakness                          6
  15            M     9              No                 \-                  No               2, 3                              Mild residual hemiparesis                                8
  16            F     16             No                 \-                  No               3, 4                              Normal                                                   6
  17            M     14             Yes                30                  No               2, 3                              Normal                                                   6
  18            M     12             Yes                30                  Yes              5, 3                              Mild residual hemiparesis                                19
  19            F     13             No                 \-                  Yes              1, 1                              Mild residual hemiparesis                                6
  20            M     12             No                 \-                  No               2, 2                              Mild residual hemiparesis                                6
  21            F     22             Yes                48 h                Yes              3, 2                              Normal                                                   6
  22            M     15             Yes                30                  Yes              3, 3                              Normal                                                   6
  23            F     6              No                 \-                  Yes              4, 3                              Speech delay and motor delay with residual hemiparesis   22
  24            F     7              Yes                Immediate           No               4, 1                              Normal                                                   6
  25            F     14             Yes                30                  Yes              5, 3                              Normal                                                   6
  26            M     12             Yes                Immediate           Yes              2, 2                              Normal                                                   6
  27            F     15             Yes                30                  Yes              1, 1                              Mild distal upper limb weakness with dysarthria          6
  28            F     13             Yes                10                  No               1, 2                              Motor delay                                              6
  29            M     6              No                 \-                  Yes              3, 3                              Normal                                                   6
  30            M     9              No                 \-                  Yes              2, 1                              Normal                                                   6
  31            F     12             Yes                15                  Yes              1, 1                              Speech delay and motor delay with residual hemiparesis   14
  32            M     18             Yes                48 h                Yes              2, 2                              Speech delay and motor delay with residual hemiparesis   18
  33            M     13             Yes                Immediate           No               3, 2                              Residual hemiparesis                                     6
  34            M     19             Yes                Immediate           Yes              1, 2                              Residual hemiparesis                                     6
  35            F     24             Yes                Immediate           Yes              2, 2                              Residual hemiparesis                                     6
  36            F     7              Yes                Immediate           Yes              2, 2                              Residual hemiparesis                                     6
  37            F     36             Yes                48 h                Yes              2, 2                              Residual hemiparesis                                     6
  38            M     13             Yes                48 h                Yes              2, 2                              Residual hemiparesis                                     6

^a^Time lag between fall and onset of symptoms, ^b^Number of mineralized lenticulostriate arteries seen using computed tomography at first presentation on right and left side

Of a total of 38, the age of 16 infants was less than or equal to 1 year. Of the 27 infants who had history of trauma, the event was caused by rolling over from a higher to a lower surface (from bed to ground) (*n* = 12) and falling while attempting to stand or walk (*n* = 15). In eight of the infants, the onset of neurological symptoms was immediate. In six infants, the neurological symptoms manifested after 48h of trauma. In 13 other children, the onset of neurological symptoms occurred between 10min and 8h after the fall. None experienced loss of consciousness or seizures after fall. Hemidystonia was noted in 28 cases on the affected side with onset between 24 and 72h after the fall subsiding within 24h. Electroencephalogram recording performed during these brief moments of hemidystonia lasting for few seconds was normal. Only one had recurrent hemidystonia, which presented after 48h of the fall.

CT of brain showed typical sharply marginated, linear hyperdense lesions emerging vertically through the inferior part of the lentiform nucleus in all the infants. On coronal and sagittal views, the distributions of these linear lesions were similar to that described in anatomical literature about lenticulostriate arteries. These lesions had attenuation values between 58 and 90 HU representing mineralization. The number of mineralized arteries varied from one to five on each side. The infarct was situated on one of the mineralization arteries.

Other etiological factors were ruled out. Ophthalmological examination, serum calcium, phosphorous, and alkaline phosphatase levels, and retroviral serology were normal in all cases.

Eight of the 38 infants experienced recurrent strokes \[[Table 3](#T3){ref-type="table"}\]. In five of the infants, there were lesions in bilateral basal ganglia, one side showing gliosis and other side was an acute infarct indicating that the first stroke was unnoticed. Three infants developed stroke recurrence after the initial diagnosis, all of which were precipitated by fall. Imaging studies in these children showed old gliosis on one side and acute infarct on the other side and all of them were on aspirin. The interval between first and second stroke was 2, 2, and 3 months, respectively. In patient number 32 (age of 18 months), the first stroke went unnoticed, presented with recurrent episodes of dystonia with hemiparesis.

###### 

Clinical features of patients with recurrent strokes

  Patient number   Age at first presentation   Interval between first and second stroke                                   Antiplatelet therapy before second stroke   Follow-up after second stroke
  ---------------- --------------------------- -------------------------------------------------------------------------- ------------------------------------------- ---------------------------------------------------------------------
  4                6                           2 months                                                                   Aspirin                                     Residual dysarthria and hemiparesis at 16 months
  8                20                          Noted old and acute stroke at first presentation with hemiparesis          \-                                          Mild residual hemiparesis at 16 months
  12               14                          Noted old and acute stroke at first presentation with hemiparesis          \-                                          Mild residual hemiparesis at 16 months
  15               9                           2 months                                                                   Aspirin                                     Mild residual hemiparesis at 8 months
  18               12                          Noted old and acute stroke at first presentation with hemiparesis          \-                                          Mild residual hemiparesis at 19 months
  23               6                           3 months                                                                   Aspirin                                     Speech delay and motor delay with residual hemiparesis at 22 months
  31               12                          Noted old and acute stroke at first presentation with hemiparesis          \-                                          Speech delay and motor delay with residual hemiparesis at 14 months
  32               18                          Noted old and acute stroke at first presentation with recurrent dystonia   \-                                          Speech delay and motor delay with residual hemiparesis at 18 months

The mean follow-up time was 8.31 months (standard deviation \[SD\], 4.54 months; range, 6--22 months; median, 16 months). No deaths were observed in the study group. Eight of the infants with recurrent stroke had residual hemiparesis, one had dysarthria, and three had motor and speech delay. A total of 17 of the 30 infants who did not have stroke recurrence were normal on follow-up, whereas 9 of the infants showed persistent mild hemiparesis, 2 had motor delay, and 2 others had mild residual distal weakness.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In this study, we analyzed clinical characteristics, imaging features, and outcome of children who presented with basal ganglia stroke. The study group was formed by 38 infants with basal ganglia ischemic stroke and mineralization of lenticulostriate arteries detected on CT scan. Mean age at presentation in our study was 14.026 months (SD, ±5.8470 months), age group varied from 6 to 36 months. In total, 16 of 38 (42%) children were less than or equal to 1 year, which is comparable with previous study.\[[@ref7]\] Of the 27 infants who had history of trauma, the event was caused by rolling over from a higher to a lower surface (from bed to ground) (*n* = 12) and falling while attempting to stand or walk (*n* = 15). Previous reports have also found an association between basal ganglia stroke in children younger than 18 months and recent trivial head trauma.\[[@ref6][@ref7][@ref8]\] In eight of the infants, the onset of neurological symptoms was immediate. In 13 other children, the onset of neurological symptoms occurred between 10min and 8h after the fall. In six infants, the neurological symptoms manifested after 48h of trauma. Majority of children developed neurological symptoms within 8h of trauma, which is comparable to the previous study.\[[@ref7]\]

None experienced loss of consciousness or seizures after fall. Hemidystonia was noted in 28 cases on the affected side with onset between 24 and 72h after the fall subsiding within 24h. This is comparable with the study by Lingappa *et al*.\[[@ref7]\] Only one had recurrent hemidystonia, which presented after 48h of fall. Eleven children had similar presentation and courses without a recorded history of fall, as a trivial fall might not have been noticed by the parents.

CT of brain showed typical sharply marginated, linear hyperdense lesions emerging vertically through the inferior part of the lentiform nucleus similar to that described in anatomical literature about lenticulostriate arteries in all the infants. The number of mineralized arteries varied from one to five on each side. The infarct was situated on one of the mineralization arteries. These foci of hyperdensity within the infarcts have been variably interpreted as thrombus or tiny foci of hemorrhage in previous studies.\[[@ref9][@ref10]\]

Lenticulostriate vasculopathy is characterized by thickened hypercellular vessel walls with intramural and perivascular mineralization, which can be picked up easily by neurosonography, but exact etiology is not known.\[[@ref11][@ref12][@ref13][@ref14]\] Lingappa *et al*.\[[@ref7]\] described it as a more severe and persistent form of lenticulostriate mineralization, which is extensive enough to be shown using CT. They proposed that mineralizing angiopathy is likely to represent pathological persistence of sonographic lenticulostriate vasculopathy.

A total of 8 of the 38 infants experienced recurrent strokes. Three of them developed recurrence on follow-up. All of them were on antiplatelet therapy. So the efficacy of antiplatelet agents in treatment of this particular entity is questionable and needs further research. Five of them showed old lesions in CT brain, but first episode had not come into clinical attention, probably because symptoms were subclinical.

Follow-up after 6 months of onset of the symptoms and signs showed complete recovery among 17 infants who did not have any recurrence. Nine had persistent mild hemiparesis, two had motor delay, and two had mild residual weakness. All children with recurrence had residual neurological deficit. Neurodevelopmental outcome on follow-up is comparable to previous study.\[[@ref7]\]

Two familial cases were also noted (cases 35 and 24), the first one being born out of second-degree consanguineous marriage, whereas the second case being her maternal cousin. We could not find any similar cases reported in literature. The role of genetic factors in the incidence of mineralizing microangiopathy is not known and requires further research.

The infants in this series did not show any predilection for any particular gender, geographical, socioeconomic, or cultural backgrounds, or any particular ethnic group. These observations are comparable to previous case studies.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\]

The limitations of this study are that it is a retrospective study with short follow-up period. Investigations were not carried out uniformly. MRI with MRA and procoagulant workup was performed in only selected cases. Functional outcome was not categorized stringently and was largely subjective. Further studies should focus on etiological factors, role of genetic factors, underlying pathophysiological mechanisms, and efficacy of antiplatelet therapy in prevention of recurrence.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Basal ganglia stroke in young children is associated with mineralization of the lenticulostriate arteries, which, in most of the cases, was precipitated by trivial trauma. Two familial cases were also noted, and further studies are required to identify the role of genetic factors in this particular entity. We propose that the CT brain should be a part of workup in toddlers with stroke following trivial trauma.
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